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MAGIC CUBES. 

THE curious and interesting characteristics of magic 
squares may be applied to figures of three dimensions 
constituting magic cubes. 

Cubes of odd numbers may be constructed by direct 
and continuous process, and cubes of even numbers may 
be built up by the aid of geometrical diagrams. In each 
case the constructive methods resemble those which were 
explained in a previous article in connection with odd and 
even magic squares. 

CHARACTERISTICS OF MAGIC CUBES. 

The characteristics of magic cubes, odd or even, are 
that all straight columns, whether running from the top 
of the cube to the bottom, from the front to the back, or 
from one side to the other, should sum up to the same 
amount, also that the four diagonal columns which unite 
the eight corners of the cube and the two corner diagonal 
columns of every square in the cube should sum up to the 
same amount as the straight columns. Furthermore, the 
sum of any two numbers that are located in cells diametric- 
ally opposite to each other and equidistant from the center 
of the cube should equal the sum of the first and last num- 
bers of the series used, and in all odd magic cubes, the 
center cell must contain the middle number of the series. 
Magic cubes which do not exhibit these characteristics may 
be considered imperfect. 
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Using N to express the number of cells in one column 
of a cube, which begins with unity and proceeds with in- 
crements of 1, the sum of the numbers in each column is 
expressed by the formula: 

N 
-(i+N s ) 

If the initial and increment numbers are more or less 
than unity, the following general formula may be used to 
express the column value. 
Let: 

A = initial number, 

B = increment number, 

N = number of cells in each column, 

S = summation number, 



then: 



N 



[B(N 3 — i) + 2A] = S. 



ODD MAGIC CUBES. 



The smallest magic cube is naturally 3X3X3- The 
twenty-seven numbers in this cube are capable of many 
different magic arrangements, none of which, however, 
possess perfect characteristics. 
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FIG. I. 



Fig. 1 shows one of these cubes, and in columns I, II 
and III, Fig. 2, there are given the nine different squares 
which it contains. In this cube there are twenty-seven 
straight columns, two diagonal columns in each of the 
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three middle squares, and four diagonal columns connect- 
ing the eight corners of the cube, making in all thirty-seven 
columns each of which sums up to 42. The center num- 

1 + N 3 
ber is also 14 or — and the sum of any pair of geo- 
metrically opposite numbers is 28 or 1 + N 3 . In these 
points this cube approaches perfection, but it fails in the 
fact that the totals of the corner diagonals of the six out- 
side squares consist of various numbers other than 42. 



THREE SQUARES 

FROM TOP TO BOTTOM 

COLUMN I. 



THREE SQUARE 

FROM FRONT TO BACK 

COLUMN II. 



THREE SQUARES 

FROM LEFT TO RIGHT 

COLUMN III. 
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FIG. 2. 

All totals = 



42. 



In describing the direct method of building odd magic 
squares in a previous article, many forms of regular ad- 
vance moves were explained, including right and left diag- 
onal sequence, and various so-called "knights' moves." 
It was also shown that the order of regular advance was 
periodically broken by other well defined spacings which 
were termed "breakmoves." In building odd magic 
squares, only one form of breakmove was employed in each 
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square, but in the construction of odd magic cubes, two 
kinds are required in each cube which for distinction may 
be termed N and N 2 breakmoves respectively. In magic 
cubes which commence with unity and proceed with incre- 
ments of 1, the N 2 breakmoves occur between each mul- 
tiple of N 2 and the next following number, which in a 
3X3X3 cube brings them between 9 and 10, 18 and 19, 
and also between the first and last numbers of the series, 
27 and 1. The N breakmoves are made between all other 
multiples of N, which in the above case brings them be- 
tween 3 and 4, 6 and 7, 12 and 13, 15 and 16, 21 and 22, 
and 24 and 25. With this explanation the rules for build- 
ing the magic cube shown in Fig. 1 may now be formulated, 
and for convenience of observation and construction, the 
cube is divided horizontally into three sections or layers, 
each section being shown separately in Column I, Fig. 2. 

It may be mentioned that when a move is to be con- 
tinued upward from the top square it is carried around to 
the bottom square, and when a move is to made downward 
from the bottom square, it is carried around to the top 
square, the conception being similar to that of the hori- 
zontal cylinder used in connection with odd magic squares. 

Commencing with 1 in the center cell of the top square, 
the cells in the three squares are filled with consecutive 
numbers up to 27 in accordance with the following direc- 
tions : 

Advance move. One cell down in next square up (from 
last entry). 

N breakmove. One cell in downward right hand diag- 
onal in next square down (from last 
entry). 

N 2 breakmove. Same cell in next square down ( from last 
entry) . 
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If it is desired to build this cube from the three vertical 
squares from front to back of Fig. i, as shown in Column 
II, Fig. 2, the directions will then be as follows : commen- 
cing with i in the middle cell of the upper row of numbers 
in the middle square, 

Advance move. One cell up in next square up. 

N breakmove. One cell in downward right-hand diag- 
onal in next square up. 

N 2 breakmove. Same cell in next square down ( from last 
entry). 

TABLE I. 
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FIG. 3. 



Finally, the same cube may be constructed from the 
three vertical squares running from left to right side of 
Fig. 1, as shown in Column III, Fig. 2 commencing, as in 
the last example, with 1 in the middle cell of the upper row 
of numbers in the middle square, and proceeding as fol- 
lows: 

Advance move. Three consecutive cells in upward right- 
hand diagonal in same square (as last 
entry) . 
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N breakmove. One cell in downward right-hand diag- 
onal in next square down. 

N 2 breakmove. One cell down in same square (as last 
entry) . 

Five variations may be derived from this cube in the 
simple way illustrated in Table I on the preceding page. 

Assign three-figure values to the numbers i to 27 in- 
clusive in terms of 1, 2, 3 as given in Table I, Fig. 3, and 
change the numbers in the three squares in Column I, Fig. 
2, to their corresponding three-figure values, thus produ- 
cing the square shown in Fig. 4. It is evident that if the 
arrangement of numbers in the three squares in Column I 
were unknown, they could be readily produced from Fig. 
4 by the translation of the three-figure values into regular 
numbers in accordance with Table I, but more than this 
can be accomplished. The letters A, B, C in Table I in- 
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FIG. 4. 



dicate the normal order of the numerals 1, 2, 3, but by 
changing this order other triplets of 3 X 3 squares can 
be made which will differ more or less from the original 
models in the arangement of their cell numbers, but which 
will retain their general magic characteristics. The 
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changes which may be rung on A, B, C, are naturally six, 
as follows: 



A. B. C. 

B. C. A. 

C. A. B. 
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FIG. 5. (B. C. A.) FIG. 6. (C. A. B.) FIG. 7. (C. B. A.) FIG. 8. (B. A. C.) FIG. 9. (A. C. B.) 

The combination of i, 2, 3 being given in normal order 
in the original cube, the five cubes formed from the other 
combinations are shown in Figs. 5, 6, 7, 8, and 9. 

These magic cubes may also be constructed by the 
direct method in accordance with the simple directions 
set forth in the adjoined diagram. 

Fig 10 is an example of another 3X3X3 cube in 
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FIG. IO. 
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which the first number occupies a corner cell, and the last 
number fills the diametrically opposite corner cell, the 
middle number coming in the center cell in accordance 



DIRECTIONS FOR CONSTRUCTING THE 3X3X3 MAGIC CUBE SHOWN IN 
FIG. 1, AND FIVE VARIATIONS OF THE SAME. 



COMBINA- 
TION 


ADVANCE MOVES 


N BRBAKMOVBS 


N 2 BRBAKMOVES 


A. B. C. 


One cell down in next 
square up 


One cell in right-hand 
downward diagonal 
in next square down 


Same cell in next 
square down 


B. C. A. 


Three consecutive 
cells in upward 
left-hand diagonal 
in same square 


One cell to left in 
next square up 


Same as in A. B. C. 


C. A. B. 


One cell to right in 
next square up 


One cell up in next 
square up 


Same as in A. B. C. 


C. B. A. 


Same as in B. C. A. 


Same as in C. A. B. 


Same as in A. B. C. 


B. A. C. 


Same as in A. B. C. 


Same as in B. C. A. 


Same as in A. B. C. 


A. C. B. 


Same as in C. A. B. 


Same as in A. B. C. 


Same as in A. B. C. 



with the rule. Fig. 1 1 shows this cube with the numbers 
changed to their three-figure values from which five varia- 
tions of Fig. 10 may be derived, or they may be constructed 
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FIG. II. 



directly by the directions which are marked in the diagram 
with the changes of A. B. C. for convenient reference. 

The analysis of the numbers in Fig. i and Fig. io into 
their three-figure values in terms of i, 2, 3, as shown in 
Figs. 4 and 11, makes clear the curious mathematical order 
of their arrangement which is not apparent on the face 
of the regular numbers as they appear in the various cells 
of the cubes. For example, it may be seen that in every 
subsquare in Figs. 4 and 11 (corresponding to horizontal 
columns in the cubes) the numbers 1, 2, 3 are each re- 
peated three times. Also in every horizontal and perpen- 
dicular column there is the same triple repetition. Further- 
more, all the diagonal columns in the cubes which sum up 
to 42, if followed into their analyses in Figs. 4 and 1 1 will 
also be found to carry similar repetitions. A brief study 
of these figures will also disclose other curious mathemat- 
ical qualities pertaining to their intrinsic symmetrical ar- 
rangement. 

The next odd magic cube in order is 5 X 5 X 5, and 
Fig. 12 shows one of its many possible variations. For 
convenience, it is divided into five horizontal sections or 
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DIRECTIONS FOR CONSTRUCTING THE 3X3X3 MAGIC CUBE SHOWN IN 
FIG. IO, AND FIVE VARIATIONS OF THE SAME. 



COMBINA- 
TIONS 


ADVANCE MOVES 


N BREAKMOVES 


N 2 BRBAKMOVES 


A. B. C. 


One cell to left in next 
square up 


One cell in upward 
left-hand diagonal 
in next square down 


One cell in downward 
right-hand diago- 
nal in next square 
down 


B. C. A. 


Three consecutive 
cells in upward left- 
hand diagonal in 
same square 


One cell in upward 
right-hand diago- 
nal in next square 
up 


Same as in A. B. C. 


C. A. B. 


One cell up in next 
square up 


One cell in downward 
left-hand diagonal 
in next square up 


Same as in A. B. C. 


C. B. A. 


Same as in B. C. A. 


Same as in C. A. B. 


Same as in A. B. C. 


B. A. C. 


Same as in A. B. C 


Same as in B. C. A. 


Same as in A. B C. 


A. C. B. 


Same as in C. A, B. 


Same as in A. B. C. 


Same as in A B. C. 



layers, forming five 5X5 squares from the top to the 
bottom of the cube. 

Commencing with i in the first cell of the middle hori- 
zontal column in the third square, this cube may be con- 
structed by filling in the various cells with consecutive 
numbers up to 125 in accordance with the following direc- 
tions : 
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Advance moves. One cell up in next square down. 

N breakmove. Two cells to the left and one cell down 

(knight's move) in same square as the 

last entry. 
N 2 breakmove. One cell to right in same square as last 

entry. 

Although this cube is not perfect it exhibits some inter- 
esting qualifications. Examining first the five horizontal 
squares from the top to the bottom of the cube as shown 
in Fig. 12, there are: 

a. 50 straight columns summing up to 315 

b. 10 corner diagonal columns summing up to 315 

c. 40 sub-diagonal columns summing up to. . 315 
Total 100 columns having the same summation. 
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In the five vertical squares from front to back of this 
cube there are: 

a. 50 straight columns summing up to 315 

b. 6 corner diagonal columns summing up to 315 

c. 20 sub-diagonal columns summing up to. . 315 
Total 76 columns having the same summation. 

In the five vertical squares from right to left of cube, 
there are, as in the last case, 76 columns which all sum 
up to 315. In the complete cube there are also four diag- 
onal columns which unite the eight corners that sum up 

to 315- 

A table similar to Fig. 3 may be laid out giving three- 
figure values for the numbers in 5 X 5 X 5 cubes from 
1 to 125, and by changing the numbers in Fig, 12 to these 

TABLE 11. 
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FIG 13. 



three-figure values, a square similar to Fig. 4 will be pro- 
duced from which five variations of Fig. 12 may be derived. 
Similar results, however, can be obtained with less work 
by means of a table of key numbers constructed as shown 
in Fig. 13. (Table II.) 
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The three-figure values of cell numbers in 5 X 5 X 5 
magic cubes are found from this table as follows : 

Select the key -number which is nearest to the cell- 
number, but below it in value. Then write down 

1. The section number in which the key number is 
found, 

2. The prime number over the key-number, 



DIRECTIONS FOR CONSTRUCTING THE 5X5X5 MAGIC CUBE SHOWN IN 
FIG. 12, AND FIVE VARIATIONS OF THE SAME. 



COMBINA- 
TIONS 


ADVANCE MOVES 


N BREAKMOVES 


N 2 BREAKMOVES 


A. B. C. 


One cell up in next 
square down 


Two cells to left and 
one down in same 
square as last entry 


One cell to right in 
same square as last 
entry 


B. C. A. 


Two cells to left and 
one up for five 
consecutive num- 
bers in same square 


Two cells in upward 
left hand diagonal 
in next square down 


Same as in A. B. C. 


C. A. B. 


Two cells in left hand 
downward diago- 
nal in next square 
up 


One cell in right- 
hand downward di- 
agonal in next 
square up 


Same as in A. B. C. 


C. B A, 


Same as in B, C. A. 


Same as in C. A. B. 


Same as in A. B. C. 


B. A. C. 


Same as in A. B. C. 


Same as in B. C. A. 


Same as in A. B. C. 


A. C. B. 


Same as in C. A. B. 


Same as in A. B. C. 


Same as in A. B. C. 
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3. The difference between the key-number and the cell- 
number. 

Three figures will thus be determined which will repre- 
sent the required three-figure value of the cell-number. 

Examples. The first number in the first row of the 
upper square in Fig. 12 is 67. The nearest key number 
to this and below it in value is 65 in section 3 under the 
prime number 4 and the difference between the key-number 
and the cell-number is 2. The three-number value of 67 
is therefore 3. 4. 2. Again, the fourth number in the same 
row is 10. The nearest key-number but below it in value 
is 5 in section 1 under the prime number 2 and the differ- 
ence between the key-number and the cell-number is 5. 
The three-figure value of 10 is therefore 1.2.5. By these 
simple operations the three-figure values of all the cell 
numbers in the 5X5X5 cube in Fig. 12 may be quickly 
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FIG. 14. 
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determined, and by the system of transposition previously 
explained, five variations of this cube may be constructed. 

The shorter method of building these 5X5X5 cubes 
by the direct process of filling the different cells in regular 
order with consecutive numbers may, however, be con- 
sidered by some to be preferable to the more roundabout 
way as seen in the table on page 400. 

Fig. 14 is another example of a 5 X 5 X 5 magic cube 



DIRECTIONS FOR CONSTRUCTING THE 5X5X5 MAGIC CUBE SHOWN IN 
FIG. 14, AND FIVE VARIATIONS OF THE SAME. 



COMBINA 
TIONS 


ADVANCE MOVES 


N BRKAKMOVKG 


N 2 BRBAKHOVES 


A. B C. 


Two consecutive cells 
in upward left hand 
diagonal in next 
square up 


One cell in upward 
right-hand diago- 
nal in next square 
up 


One cell in downward 
right-hand diago- 
nal in next square 
down 


B. C. A. 


Two cells down in 
second square down 


One cell in downward 
left-hand diagonal 
in second square 
down 


Same as in A. B. C. 


C. A. B. 


Two cells to right in 
next square up 


Two cells in down- 
ward right hand 
diagonal in next 
square down 


Same as in A. B. C. 


C. B. A. 


Some as in B. C. A. 


Same as in C. A. B. 


Same as in A. B. C. 


B. A. C. 


Same as in A. B. C. 


Same as in B. C. A. 


Same as in A. B. C. 


A. C. B. 


Same as in C A. B. 


Same as in A. B. C. 


Same as in A. B. C. 
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which is commenced in the upper left-hand corner of the 
top square, and finished in the lower right-hand corner of 
the bottom square, the middle number of the series (63) 
appearing in the center cell of the cube according to rule. 

Odd magic cubes may be commenced in various cells 
other than those shown in the preceding pages, and they 
may be built up with an almost infinite number of varia- 
tions. It would, however, be only superfluous and tiresome 
to amplify the subject further, as the examples already sub- 
mitted cover all the important points of construction, and 
may readily be applied to further extensions. 

Any sizes of odd magic cubes larger than 5X5X5 
may be constructed by the directions which govern the 
formation of 3 X 3 X 3 an d 5X5X5 cubes. 

EVEN MAGIC CUBES. 

Magic cubes of even numbers may be built by the aid 
of geometric diagrams, similar to those illustrated in a 
previous article, which described the construction of even 
magic squares. 

Fig. 15 shows one of the many possible arrangements 
of a 4X4X4 cube, the diagram of which is given in Fig. 
16. 

There are fifty-two columns in this cube which sum 
up to 130, viz., sixteen vertical columns from the top of 
the cube to the bottom, sixteen horizontal columns from 
the front to the back, sixteen horizontal columns from 
right to left, and four diagonal columns uniting the four 
pairs of opposite corners. The sum of any two numbers, 
which are diametrically opposite to each other and equi- 
distant from the center of the cube also equals 65 or n 3 -\-i. 

Another feature of this cube is that the sum of the 
four numbers in each of the forty-eight sub-squares of 
2X2 is 130. 

It was shown in a previous article on magic squares 
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Totals = 130. 



that the square of 4X4 could be formed by writing the 
numbers 1 to 16 in arithmetical order, then leaving the 
numbers in the two corner diagonals unchanged, but 
changing all the other numbers to their complements with 
17 or n 2 -\-i. It will be noted in the magic cube of 4X4X4, 
given in Fig. 15, that in the first and last of the four sec- 
tions (I and IV) this rule also holds good. In the two 
middle sections (II and III) the rule is reversed; the num- 
bers in the two corner diagonals being complements with 
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65 or w 3 +i, and all the other numbers in arithmetical 
order. 
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Fig. 17 shows four squares or sections of a cube, with 
the numbers 1 to 64 written in arithmetical order. Those 
numbers that occupy corresponding cells in Fig. 15 are 
enclosed within circles. If all the other numbers in Fig. 
17 are changed to their complements with 65, the total 
arrangement of numbers will then be the same as in Fig. 

15. 

In his interesting and instructive "Reflections on Magic 

Squares," (printed in the January number of The Monist) 
Dr. Paul Carus gives a novel and ingenious analysis of 
even squares in different "orders" of numbering, these 
orders being termed respectively o, ro, i and ri. It is 
shown that the two magic squares of 4X4 (in article re- 
ferred to) consist only of and ro numbers; ro numbers 
being in fact the complements of numbers with n 2 +i. 
This rule also obtains in the magic cube of 4X4X4 given 
in Fig. 15. The four sections of this cube may in fact be 
filled out by writing the numbers, in arithmetical order 
in the cells of the two corner diagonal columns of sections 
I and IV, and in all the cells of sections II and III, ex- 
cepting those of the two corner diagonal columns, and 
then writing the ro numbers, also in arithmetical order, 
in the remaining empty cells of the four sections. 

Fig. 15 may be considered as the foundation of all 
magic cubes of 4X4X4 and their multiples, of this class, 
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but a great many variations may be effected by simple 
transpositions. For example, Fig. 18 is a 4X4X4 cube 
which is constructed by writing the four numbers that are 
contained in the 2X2 sub-squares (Fig. 15) in a straight 
line, and there are many other possible transpositions which 
will change the relative order of the numbers, without 
destroying the magic characteristics of the cube. 

The arrangement of the numbers in Fig. 18 follows the 
diagrammatic order shown in Fig. 19. 
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The next even magic cube is 6X6X6, but the writer 
has been unable to construct it. He does not however 
believe it to be a mathematical impossibility. 

The 8X8X8 magic cube follows next in order. Fig. 
20 shows this cube divided, for convenience, into eight 
horizontal layers or sections, and Fig. 21 gives the dia- 
grammatic order of the numbers in the first and eighth 
sections, the intermediate sections being built from simi- 
lar diagrams, numbered in arithmetical order. 

It will be seen from these diagrams that the 8X8X8 
magic cube is simply an expansion of the 4X4X4 cube, 
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just as the 8x8 magic square is an expansion of the 4X4 
square. In like manner all the diagrams which were given 
for different arrangements of 8X8 magic squares may 
also be employed in the construction of various 8X8X8 
magic cubes. 



"7 


•»«- 


li~V 


26a 


16/ 


2S/ 


ZSO 


26+ 


v/t 


166 


26/ 


i#s 


2¥¥ 


I/O 


27/ 


2¥4 


tio 


l/¥ 


V s 


"7 


2ii 


*r 


2/3 


23 3 


it/ 


13/ 


2iO 


2t¥ 


2tS 


22 7 


226 


2ft 


tsa 


213 


222 


292 


294 


2/9 


2/t 


196 


1/6 


291 


299 


i/i 


1'Z 


JOl 


ioi 


20$ 


lot 


Jot 


30/ 


tor 


2 Of 


i/O 


3/1 


2 0/ 


3/3 


/SS 


/Jt 


J/6 


3 '7 


/9S 


/$? 


320 


Section V. 


/3Z 


■321 


323 


/t9 


/tt 


326 


31/ 


//S 


as 


/ti 


/tZ 


JSt 


J33 


//9 


//t 


Jit 


•"/ 


'/•*" 


//¥ 


j«o 


Jit/ 


/// 


'7° 


JVM 


46/ 


J* 6 


i<// 


/6s 


/6tf. 


JSil 


JS/ 


/*/ 


/6o 


ir# 


iff 


,s; 


/s6 


3St 


jsy 


/Si 


i6/ 


/s/ 


/so 


Silt 


J6s 


"<7 


/#6 


36t 


36j 


4 ¥3 


/*2 


3/2. 


3/3 


/39 


/it 


i/6 


/ii 


J/t 


3/9 


/a 


/it 


JtZ 


i/i 


/IS 



/it 


3H 


"7 


/is 


/2¥ 


390 


J9' 


/!/ 


jsj 


//9 


//t 


js6 


i9/ 


//S 


//</ 


¥Ot 


¥0/ 


/// 


//*> 


¥'¥ 


90s 


">7 


/06 


yo£ 


/Of 


¥/a 


//// 


/e/ 


zee 


¥/* 


<//S 


*7 


96 


*/f 


¥/s 


93 


9Z 


¥22 


¥H 


f9 


¥2* 


f 7 


(6 


4/21 


4/29 


ti 


tl 


4/it 


¥Si 


/J 


7* 


Vii 


4/i/ 


7* 


7* 


¥*0 


7* 


¥«2 


#J 


63 


6e 


#+6 


¥¥/ 


6sr 


Section VII. 


ws 


6j 


6s. 


4/tt 


4/S3 


S9 


St 


4*6 


i-6 


est 


■ess 


S3 


SZ 


«6z 


4/6i 


49 


*t 


#*A 


#6/ 


*s 


*«" 


4-/0 


V* 


*' 


V 


J9 


at 


¥/6 


*// 


JS~ 


i¥- 


¥*4 


#*/ 


3/ 


jo 


«t¥ 


#fS 


*7 


26 


*'* 


2V 


//SO 


4/3/ 


2/ 


SO 


¥9* 


4/9} 


'7 


/6 


est 


¥93 


/i 


/z 


SOZ 


JVi 


9 


sos 


7 


6 


set 


SOS 


J 


Z 


ir/z 



Section VI. 



(Second Part.) 
FIG. 20. 



Section VIII. 



An examination of Fig. 20 will show that, like the 
4X4X4 cube in Fig. 15 it is built up of and ro numbers 
exclusively. In sections I, IV, V, and VIII, the cells in 
the corner diagonal columns, and in certain other cells 
which are placed in definite geometrical relations thereto, 
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FIG. 21. 



contain numbers, while all the other cells contain ro 
numbers. In sections II, III, VI, and VII, the relative posi- 
tions of the and ro numbers are reversed. 
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By noting the symmetrical disposition of these two 
orders of numbers in the different sections, the cube may 
be readily constructed without the aid of any geometrical 
diagrams. Fig. 22 shows sections I and II of Fig. 20 
filled with and ro symbols without regard to numerical 
values, and the relative symmetrical arrangement of the 
two orders is therein plainly illustrated. This clear and 
lucid analysis, for which we are indebted to Dr. Carus, 
reduces the formation of a rather complicated numerical 
structure to an operation of the utmost simplicity. 

In this cube there are 192 straight columns, and 4 diag- 
onal columns (which unite the eight corners of the cube) 
each of which sums up to 2052 ; also 384 half columns and 
the same number of 2X2 sub-squares each of which has the 
summation of 1026. It will also be seen that the sum of 
any two numbers, which are located in cells diametrically 
opposite to each other and equidistant from the center of 
the cube, is 513 or n 3 +i. 

As the writer has been unable to construct the 6x6x6 
magic cube no attempt will be made in this article to pro- 
duce a 10X 10X10 or any larger cube of this peculiar 
class. The 12X12X12 cube and all larger ones that are 
formed with multiples of 4 will naturally resemble the 
8X8X8 cube and will be equally easy to construct. 

GENERAL NOTES ON MAGIC CUBES. 

Magic cubes may be constructed having any desired 
summations by using suitable initial numbers with given 
increments, or by applying proper increments to given 
initial numbers. 



The general formula for determining the summations 
or column values of magic cubes as already given on page 
389 may be copied here for convenient reference. 
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Let A = initial number, 
B = increment, 

N = number of cells in each column of cube, 
S = summation, 
then: 

1 N [B(N 3 — i)+2A]=S 



and transposing: 

II 2S 

N 



or: 
III 



-2A 



N 3 



=B. 



?S_ B(B a_ l) 



= A 



EXAMPLES. 

What increment number is required for the cube of 
3X3X3 with an initial number of 10 to produce summa- 
tions of 108? 

Expressing equation II in figure values : 

2X108 



2X10 



3 3 -i 
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What increments should be used in a cube of 4X4X4 
to produce summations of 704 if the initial number is 50? 

^?4_ 2X50 
A = 4. 

4 3 -i 4 
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Section I (Top). 



Section II. 



Section III. Section IV (Bottom) 



What initial number must be used with increments of 
io to produce summations of 1906 in a 3X3X3cube? 
Expressing equation III in figure values: 
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10 (3 3 — 1) 



-=505V3. 



S93S 



7<SSi 



J/si 6ySi 



7ssi 



sosi 



sssi 



66s% 



Sssi 



72Si S2Si 



sSs, 



6/sf j#si S4si 



Sssi 



6asi /esi 



sssi 



//Si 



Si si 



Sosi ?Ssi 



s/sf 



69si 



sjsi 



<i/si 



Top Section. 



Middle Section. 



Bottom Section. 



What initial number is required for the cube of 
5X5X5, with 4 as increment number, to produce summa- 
tions of 1906?* 

f— — 4(5 3 — I) 

a =133-2 



The preceding simple examples will be sufficient to 
illustrate the formulae given, and may suggest other prob- 
lems to those who are interested in the subject. 

It will be noted that the magic cubes which have been 

* This example was contributed by Mr. D. B. Ventres of Haddam, Conn., 
whom the writer takes this opportunity to thank for many interesting sug- 
gestions and ideas. 
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described in this article are all in the same general class 
as the magic squares which formed the subject of previous 
articles. 
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There are, however, many classes of magic squares and 
corresponding cubes which differ from these in the general 
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arrangement of numbers and in various minor features, 
while retaining the common characteristic of having simi- 
lar column values. An example of this differentiation is 
seen in the interesting "Jaina" square described by Dr. 
Carus in his "Reflections on Magic Squares." Squares 
of this class can readily be expanded into cubes which will 
naturally carry with them the peculiar features of the 
squares. 

Another class is illustrated in the "Franklin Squares," 
and these can also be expanded into cubes constructed on 
the same general principles. 

The subject of magic squares and cubes is indeed in- 
exhaustible and may be indefinitely extended. The phil- 
osophical significance of these studies has been so ably set 
forth by Dr. Carus that the writer feels unable to add any- 
thing in this connection, but he trusts that the present en- 
deavor to popularize these interesting problems may some 
time lead to useful results. 

W. S. Andrews. 
Schenectady, N. Y. 



